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(57)Abstract: 

PURPOSE: To provide a compound for joining ceramics, capable of strongly joining the various ceramics in 
a simple process, and capable of forming joined layers and joined products having sufficient joining 
strengths also in processes before calcination and in calcination processes and excellent in high purity, 
heat resistance, high chemical resistance, etc. 

CONSTITUTION: A compound used for joining ceramics and formed by kneading a polysilazane compound 
and a polycarbosilazane compound with ceramic powder and a solvent is used as a joining material for the 
ceramics, the polysilazane compound and the polycarbosilazane compound being known as the precursors 
of silicon carbide(SiC) and silicon nitride(SiN). 
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* NOTICES * 



JPO and 'NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[00G1] 

[Industrial Application] This invention relates to the compound suitable for junction of various wide range ceramics [, 
such as non-oxide ceramics, and an alumina, JTRUKONIYA, a mullite, ] of oxide ceramics, such as a composite which 
combined silicon, silicon carbide, silicon nitride, alumimium nitride, and these, and restoration of those opening 
sections. 
[0002] 

[Description of the Prior Art] thermal resistance of ceramics is high, it is inactive strongly chemically, and can be 
extremely prepared to a high grade - etc. - there is the advantage and it is used in many fields as an advanced material. 
It is common to usually perform processing of these ceramics in the shaping phase of the material before baking etc. 
However, since a big volume change happens before and after baking of a ceramic Plastic solid, it is difficult to raise 
dimensional accuracy only by processing before baking. Therefore, it can also rework so that a target configuration and 
precision may be acquired after baking, but since [ strong as mentioned above and weak ] workability is bad, as for the 
ceramics, the configuration and magnitude are restricted. 

[0003] Moreover, forming a complicated configuration object and a large-sized article is also performed from the 
former by assembling each part article material classified so that the target ceramic configuration object might be 
constituted, and joining. In this case, if each ceramic baking components material is unjoinable to a predetermined 
configuration etc., holding the advantage of the ceramics of excelling in thermal resistance, chemical durability, etc., 
the utility value as original ceramics is spoiled. Therefore, various operations also of the approach of having thermal 
resistance are carried out as a ceramic conjugation method. For example, there are a conjugation method with solder 
glass, a metal conjugation method by metallizing, etc. Moreover, some cement system inorganic materials, such as 
alumina cement, are used as a high thermal -resistance jointing material for corrugated fibreboard, for example 
[0004] 

[Problem(s) to be Solved by the Invention] However, the ingredient which can apply both the above-mentioned solder 
glass junction and a metal conjugation method was restricted, and neither thermal resistance nor corrosion resistance 
was also enough. And at the time of junction, an advanced technique is needed upwards, and it is restricted to what also 
has the simple configuration of a joint. Moreover, although the inorganic material system jointing material for 
corrugated fibreboard had the advantage which can fix at a room temperature, in order to consider as refractoriness, in a 
baking process, it usually needed to calcinate at the elevated temperature 1000 degrees C or more, and the fixing force 
generated the crack etc., and was not able to be damaged [ it was able to decrease remarkably, or ] in many cases, and it 
was able to be used only for the ingredient and application which were restricted extremely. Moreover, to an inorganic 
material system jointing material for corrugated fibreboard, predetermined high grade-ization may be unable to be 
attained as a component or an impurity, including various element components in many cases. 
[0005] This invention can join various ceramics firmly at a simple process in view of the present condition of the 
conjugation method of the above-mentioned conventional ceramics. Also before baking and in a baking process, it has 
sufficient bonding strength. And a high grade, The ceramic jointing material for corrugated fibreboard which can form 
the outstanding junctional zone and the outstanding zygotes, such as high thermal resistance and high chemical 
resistance, Namely, it aims at forming the large-sized article and complicated configuration object of the ceramics 
which fixing junction was firmly carried out and was unified further by that cause for the purpose of offering the 
compound for ceramic junction simple. 

[0006] The artificer completed this invention, as a result of examining various requirements as a jointing material for 
corrugated fibreboard for attaining the above-mentioned purpose, and inquiring wholeheartedly so that the two 
following points may be satisfied especially. That is, it is the jointing material for corrugated fibreboard with which 
reinforcement fixing force with (1) jointing material for corrugated fibreboard sufficient at a room temperature at the 
time of junction can be discovered, and the fixing force is held also in a baking process. That is, when there is no 



possibility that a joint may carry out balking etc. in a baking process, the special fixture for baking becomes 
unnecessary. Moreover, a limit in the configuration or magnitude of a zygote is not received. Furthermore, the baking 
process after junction can also be skipped by making service temperature of a ceramic zygote into a burning- 
temperature region depending on the case. 

(2) As a jointing material for corrugated fibreboard for ceramics of which a high grade is required, contaminations, 
such as transition metals and alkali-metal ion, should not be included as the component or impurity, for example. The 
ceramics has very many applications of which high grades, such as electronic parts and a member for semiconductor 
device manufacture, are required, and it is necessary to make it the above-mentioned contamination not mix a raw 
material material in the production process of the ceramics, or the phase of processing at first in these use, either. 
Therefore, when using especially the joined ceramic zygote for processing of a semiconductor device, it is a 
contamination and is made to decrease [ all of except for elements, such as Si, 0, N, C, and H, ] as much as possible. 
[0007] 

[Means for Solving the Problem] According to this invention, the compound for ceramic junction characterized by 
consisting of a polysilazane compound, a polycarbosilane compound, ceramic powder, and a solvent is offered. 
[0008] 

[Function] This invention is constituted as mentioned above, polysilazane and a polycarbosilane compound dissolve in 
a predetermined solvent, and form an adhesive solution, spreading etc. makes the solution the joint of the joined 
ceramics, by making it dry, the fixing junction of the ceramics can be carried out easily, and the fixing force is held 
also in subsequent baking, moreover » if polysilazane and a polycarbosilane compound are heated under inert gas or an 
oxygen content gas ambient atmosphere -- the ambient atmosphere - SiN, SiC, SiON, and Si and Si02 etc. -- a stable 
compound can be chemically generated with thermal resistance, a strong junctional zone can be formed with the 
intermingled ceramic powder, and the firm zygote of ceramics can be obtained. Moreover, polysilazane and a 
polycarbosilane compound are chemically compoundable, and high-grade-izing is easy for them, and they do not serve 
as a pollution source excluding a contamination element harmful to a semi-conductor etc. as a jointing material for 
corrugated fibreboard of various ceramics, such as a semi-conductor member. 

[0009] Hereafter, this invention is explained to a detail. The polysilazane and the polycarbosilane compound which are 
used by this invention are well known as a precursor of silicon carbide (SiC) or silicon nitride (SiN). Polysilazane can 
use the compound usually used as precursors of SiN or SiC, such as a polymer of the various molecular weight of 
perhydro polysilazane, and various polymers of methyl polysilazane. Moreover, polycarbosilanes are [RRSiCH2] n 
(however, R and R" is R!=R' and is H, CH3, or C six H5). It is expressed with n= five to 5000 or more general . 
formulas, and the compound used from the former as a precursor of SiC can be used. 

[0010] According to an artificer's knowledge, after each of above-mentioned polysilazane and polycarbosilane 
compounds dissolves in organic solvents, such as a xylene, although the fixing force of extent which is ordinary 
temperature is produced when a solvent is removed, the fixing force changes with temperature rises. That is, 
experiment examination of the relation between temperature and fixing reinforcement was carried out about each of a 
polysilazane compound, a polycarbosilane compound, and both ratio about 1 : 1 mixture. The result was typically shown 
in drawing! . According to drawing 1 , although almost lost at about 100-200 degrees C, the fixing force of a 
polysilazane compound, i.e., bond strength, increases rapidly from near 200 degree C, and the rate of increase falls and 
it begins to rise from near 500 degree C further again at 900-1000 degrees C. If it is a viscous liquid from a solid-state 
and temperature rises with the class and polymerization degree near a room temperature, while the liquid of low 
viscosity will generate a polysilazane compound, in order that a decomposition reaction may occur and very weak gel 
may generate, bond strength falls. Above 200 degrees C, in order that a polymerization may progress and gel may 
solidify, bond strength rises, but in order that a pyrolysis may be intense, the organic substance may secede from near 
500 degree C mostly and residue may porosity-ize, the rise of bond strength becomes slow. Moreover, at about 900- 
1000 degrees C, sintering and crystallization of an inorganic compound which the pyrolysis reaction completed and 
generated advance, and bond strength is presumed to be what goes up still more rapidly. 

[001 1] If the fixing force increases in temperature above about 400 degrees C although the fixing force is lost at about 
200-400 degrees C as a polycarbosilane compound is shown in drawing 1 on the other hand, and 600 degrees C is 
exceeded, a rate of strength increase will become small, and it begins to rise further again at 900-1000 degrees C like a 
polysilazane compound. Most polycarbosilane compounds are solid-states near a room temperature, it is usually stable 
to near 200 degree C, and the fixing force is held. However, if a temperature up is carried out to 200 degrees C or more, 
it will become the liquid of low viscosity, a polymerization reaction will begin to occur, bond strength will be lost, but 
above 400 degrees C, in order to macromolecule-ize, the fixing force increases with temperature. Moreover, since a 
gelation reaction does not usually occur, it becomes high intensity from the case of polysilazane. If 600 degrees C is 
exceeded, like polysilazane, the pyrolysis reaction of a solidification object advances, and although a rate of strength 
increase falls in order to porosity-ize, bond strength will rise rapidly with temperature again above about 900-1000 
degrees C which a pyrolysis reaction completes. 



' [0012*] Moreover, when a polysilazane compound and a polycarbosilane compound are used independently and both 
are mixed and used like this invention on the other hand although the temperature region whose fixing force is almost 
lost in the middle of a temperature up, respectively appears so that clearly from drawing 1 , it turns out that the bond 
strength which exceeds both average mostly in a total-temperature region is obtained. Although the reason is not clear, 
near'l 00-200 degree C the fixing force of polysilazane of is lost, since polycarbosilane is solidification or the liquid of 
high viscosity, gelation of polysilazane is barred, and since a polymerization reaction advances in the direction which 
macromolecule-izes and viscosity increases, the fixing force does not reduce it. Moreover, near 200-400 degree C the 
fixing force of polycarbosilane of is lost, the polycarbosilane fused to a polymerization and the solidified polysilazane 
acts as a plasticizer, compensates brittle **, and, on the other hand, increases reinforcement. Solidification is completed 
at an elevated temperature 600 degrees C or more, without a gas evolution rapid as the whole not happening, but 
structure breaking, since both decomposition temperature differs. Moreover, since the properties of a resultant also 
differ in both, it is thought that the interaction by compound-izing contributes to the increment in the fixing force. 
[0013] As described above, high bond strength predetermined in the application temperature whole region can be held 
by the interaction by using together the both sides of polysilazane and a polycarbosilane compound in this invention. In 
this invention, a polysilazane compound and a polycarbosilane compound make the addition of another side 5 % of the 
weight or more to the compound which is one side, respectively, and it is preferably good 1 :0. 05-40 and to mix by 
1:0.1-20 and to use at a weight ratio. 

[0014] In the compound for ceramic junction of this invention, addition mixing of the ceramic powder is carried out 
further at the mixture of the above-mentioned polysilazane compound and a polycarbosilane compound. It is desirable 
to use the joined ceramics, ceramic powder of the same kind or the joined ceramics, and the ceramic powder of a 
different kind that the coefficient of thermal expansion adjusts in the predetermined range as ceramic powder to add. 
Although the good zygote was obtained when a ceramic junction compound was constituted only from mixture of a 
polysilazane compound and a polycarbosilane compound, and the plane of composition of the ceramics-ed was very 
small, it was difficult to produce peeling, if area becomes large, and to obtain a good zygote, an artificer -- the main 
cause - the time of ceramic baking after junction - these compounds ~ SiN, SiC, and Si02 etc. - it changed to the 
compound, and on that occasion, it broke away or burned, the organic substance, such as hydrogen and a hydrocarbon, 
vaporized, the volumetric shrinkage happened, and the knowledge of a clearance and a crack occurring in a joint was 
carried out. From that of adding ceramic powder into the mixture of a polysilazane compound and a polycarbosilane 
compound, this invention can aim at improvement in bonding strength while mitigating the volumetric shrinkage at the 
time of the above-mentioned baking. 

[0015] In this invention, if the joined ceramics and ceramic powder of the same kind are used, a good junction 
condition can be acquired especially. Since the differential thermal expansion of a junctional zone and the joined 
ceramics is lost, it is presumed because the heat distortion of a ceramic zygote is mitigated. Moreover, even if it is not 
so of the same kind as the joined ceramics and is different species, l xten to six or less ceramic powder can obtain [ the 
difference ] the zygote of high bonding strength almost similarly [ a coefficient of thermal expansion ]. The joined 
ceramics added to the mixture of a polysilazane compound and a polycarbosilane compound and ceramic powder of the 
same kind say the joined ceramics and ceramic powder of the same kind. For example, it is [ as opposed to / in silicon 
powder and SiC / SiC powder / as opposed to / in junction of silicon / to SiN / SiN powder and an alumina ] zirconia 
powder etc. at alumina powder and a zirconia. On the other hand, as ceramic powder of a different kind which a 
coefficient of thermal expansion adjusts, unlike the joined ceramics, it is the ceramic powder whose difference of each 
average coefficient of thermal expansion is 1x10 to six or less, for example, can choose suitably from various ceramic 
ingredients, such as silicon, SiC and SiN, and alumimium nitride. For example, SiN, the powder of silicon, etc. can be 
chosen to the alumimium nitride of the joined ceramics. If the difference of the average coefficient of thermal 
expansion of the joined ceramics and different-species ceramic powder exceeds 1x10-6, since the heat distortion in the 
ceramic zygote obtained becomes large and un-arranging, such as peeling, arise, it is not desirable. 
[0016] the addition of ceramic powder - the above-mentioned compound mixture - receiving - a weight ratio -- 1 :2- 
40 -- it adds by 1 :4-20 preferably. Effectiveness, such as crack prevention at the time of baking, is not enough in the 
weight ratio of ceramic powder to the total amount of compound mixture being two or less, and bonding strength falls 
and is not practical if 40 is exceeded. The grain size of the ceramic powder to add can be suitably chosen with a 
spreading means to apply, the configuration of solder, etc. Moreover, a result with it can be obtained by using ceramic 
powder with a large grain size for restoration of a big clearance. [ there is little contraction after desiccation and good ] 
In this case, it is desirable to produce the problem of ceramic powder tending to sediment and to usually use ceramic 
powder with a mean particle diameter of 100 micrometers or less at the time of storage of the compound for junction 
kneaded and generated. 

[0017] The compound of this invention adds the powder mixture which added and obtained the above-mentioned 
ceramic powder into the above-mentioned polysilazane and polycarbosilane compound mixture, and organic solvents, 
such as a xylene, kneads them enough, and let it be a slurry. The class of solvent and the mixing ratio of solid content 



and a solvent can be suitably chosen according to the monograph affair at the time of junction. With regards to 
workability, such as spreading, generally, desiccation is simple for the way with few daily doses of a solvent, and these 
can obtain a good result also with few volume decreases after desiccation. However, if there are too few solvents, a 
fluidity will fall and spreading will become difficult. Therefore, it is usually good to mix the above-mentioned powder 
mixture and the above-mentioned solvent of polysilazane and polycarbosilane compound mixture, and ceramic powder 
by 1 :0. 05-40-fold quantitative ratio. In order to give a high fluidity, it is desirable to add a solvent so that the liquid 
component of a solvent may become 20 % of the weight or more. In this invention, the surfactant and thickener of 
optimum dose besides the above-mentioned powder mixture and a solvent may be added for the purpose of a 
workability improvement. 

[0018] The brush, a dispenser, etc. can be used for the compound for ceramic junction of this invention obtained as 
mentioned above, and when spreading, impregnation, etc. make a constant rate the plane of composition of each 
****** SERAMIKUSSU, it can form a joint. After carrying out spreading etc., before a solvent evaporates and 
solidifies, the joint of each ****** ceramics is compared and it is made to heat and dry if needed. Furthermore, the 
target high thermal resistance and the ceramic zygote of high intensity junction can be obtained by heating and 
calcinating to predetermined temperature after that in inert gas ambient atmospheres, such as nitrogen and an argon, or 
within oxygen content gas ambient atmospheres, such as air. 
[0019] 

[Example] Hereafter, this invention is explained to a detail based on an example. However, this invention is not 
restricted by the following example. 

The polycarbosilane which heated and obtained examples 1-9 and example of comparison 1 polysilane in the autoclave 
was mixed to the perhydro polysilazane of molecular weight 1700-2100 at each weight rate shown in Table 1, and 
compound mixture was obtained. The mixed powder which a weight ratio with mixture adds silicon powder with a 
mean particle diameter of 20 micrometers into the obtained mixture at a rate of 1 :5, and becomes it from polysilazane, 
polycarbosilane, and silicon was obtained. Furthermore, to the obtained mixed powder solid content, the xylene was 
added so that it might become the weight ratio 1 :0.5, and it kneaded with the ball mill for 4 hours, and the compound 
for junction was created, respectively. The created compound for junction was about 30g respectively. 
[0020] Moreover, diameter lOmmphi which made the flat surface to the end face, and a silicon rod with a die length of 
30mm were prepared. Subsequently, after applying each compound for junction obtained above by the end face of the 
silicon rod of 1 with a quartz-glass rod and forming a joint, it was made to push and paste up together with the end face 
of other silicon rods. The pasted-up silicon adapter was dried at 70 degrees C for 3 hours, and the joint was made to fix. 
Then, the silicon adapter which fixed was calcinated, respectively at each temperature shown in Table 1 in nitrogen- 
gas-atmosphere mind. Each tensile strength of the silicon zygote calcinated and formed was measured. The result was 
shown in Table 1. 
[0021] 
[Table 1] 
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[0022] When a junction compound is created from a polysilazane independent compound without adding 
polycarbosilane so that clearly from the above-mentioned example and the example of a comparison, it turns out that 
tensile strength is low also in which burning temperature, and the tensile strength after baking at 120 degrees C and 
1350 degrees C is very low especially. It turns out that each tensile strength after 0.2-40, and the junction compound 
mixed especially by 0. 1-20 were processed for polycarbosilane / polysilazane weight ratio with the burning temperature 
of 120-1350 degrees C as compared with the polysilazane independent thing is improving on the other hand. 
[0023] The compound for junction was created like the example 1 except having set example 10 polycarbosilane/ 
polysilazane weight ratio to 0.3. The obtained compound for junction was applied to the end face of the silicon nitride 
rod with a diameter [ phi ] of 10mm of 1, and it compared with the end face of other silicon nitride rods, and pasted up. 
Then, it dried at the room temperature and heat-treated at 250 degrees C among air further. The adhesion silicon nitride 
rod after heat treatment was measured like the example 1, and had the bonding strength of tensile strength 0.5MPa. 
Subsequently, as a result of calcinating the adhesion silicon nitride rod obtained above at 1000 degrees C in nitrogen- 
gas-atmosphere mind, it had the bonding strength of tensile strength lOMPa. Moreover, in the burning temperature of 
1350 degrees C, the bonding strength of tensile strength lOOMPa was obtained. 

[0024] To the hexa methyl SHIKUROTORI silazane polymer of two to examples 11-17 and example of comparison 3 
mean molecular weight 1300 [ about ], weighing capacity of the polycarbosilane used in the example 1 was carried out 
at a rate of the weight ratio 1 :0.2, it added, and the mixture of a compound was obtained. It added at a weight rate 
which showed silicon carbide powder with a mean particle diameter of 2 micrometers to the obtained mixture in Table 
2, and mixed powder was obtained. Furthermore, toluene / hexane ratio added a mixed solvent and the mixed powder 
obtained by the above of this weight to 5/1 of mixed solvents, kneaded well with the ball mill, and created the 
compound for junction, the compound for junction which prepared the silicon-carbide-ceramics square bar of 5x5x25 
(mm), and was created as mentioned above on the other hand - using -- an example 1 - the same -- carrying out -- the 
end face of 5x5 (mm) - edge gluing of spreading and two silicon-carbide-ceramics square bars - it carried out. 
Subsequently, after drying at a room temperature, it calcinated at each temperature shown in Table 2 in the argon gas 



1 ambient atmosphere, and flexural strength was measured using the four point bending weighting method. The result 
was shown in Table 2. 
[0025] < 
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[0026] The flexural strength after baking is low, without the compound for junction of this invention depending the 
compound for junction of the example 2 of a comparison which does not add SiC of ceramic powder into the 
compound mixture of polysilazane and polycarbosilanes on burning temperature to flexural strength increasing with the 
rise of burning temperature so that more clearly than the above-mentioned example and the example of a comparison, 
and it does not change. Moreover, it turns out to compound mixture that, as for the compound for junction of the 
example 3 of a comparison added 50 times exceeding 40 times, the adhesion ability itself is not discovered in SiC. 
[0027] Perhydro polysilazane 5g [ which was used in the example 18 example 1 ], polish lath CHIRENSg [ of a mean 
molecular weight 40000 / about ], 80g [ of alumina powder with a mean particle diameter of 20 micrometers ], 45g [ of 
alumina powder with a mean particle diameter of 1 micrometer ], and xylene 30g was mixed, it kneaded with the ball 
mill, and the compound for junction was obtained, the compound for junction which prepared the square bar of the 
alumina ceramics of 5x5x25 (mm), and was created as mentioned above on the other hand — using — an example 1 
the same - carrying out - the end face of 5x5 (mm) edge gluing of spreading and two alumina-ceramics square bars 
- it carried out. Subsequently, it dried and fixed at the room temperature. Each alumina ceramic fixing rod was 
calcinated at 500 degrees C and 1200 degrees C in air, respectively, and flexural strength was measured like the 
example 1 1 . Consequently, it had the flexural strength of 3MPa(s) and 60MPa(s), respectively. 
[0028] Trimethyl hydronalium polysilazane 50g [ of example 19 mean molecular weight 2000 / about ], 
polycarbosilane 5g, 200g [ of silicon powder of 5 micrometers of mean diameters ], and diethylene-glycol butoxy 
acetate 60g and xylene 30g were mixed, it kneaded enough with the ball mill, and the KOUN pound for junction was 
obtained. Using the obtained compound for junction, it screen -stenciled to the ceramic plate of alumimium nitride with 
a thickness of 0.8mm, and the pressure welding of the silicon ceramic plate of the magnitude same on it is carried and 
carried out, it was dried on 30x30 (mm) square, and it fixed. As a result of carrying out heating baking of the obtained 
ceramic fixing plate at 1200 degrees C in nitrogen-gas-atmosphere mind, the zygote of firm alumimium nitride and 
silicon was obtained. 
[0029] 

[Effect of the Invention] While it has fixing force sufficient by ordinary temperature desiccation and holds the fixing 



force also at the time of heating-at-high -temperature processing of baking etc., the compound for ceramic junction of 
this invention makes bonding strength increase, and without producing a deficit, peeling, etc. of a joint, at a simple 
process,, as a firm ceramic zygote, it can enlarge and complicated-configuration-ize and it can obtain various ceramics. 
Furthermore, the compound which mainly consists of elements of Si, O, N, C, and H besides ceramic powder can be 
used for the compound for ceramic junction of this invention as a constituent, it can control mixing of a semi-conductor 
contamination as much as possible, and is useful also as the jointing material for corrugated fibreboard and filler of 
various ceramic members of a semi-conductor production process. Moreover, the junction layer formed is excellent in a 
high grade, high thermal resistance, high chemical resistance, etc. 



[Translation done.] 



